3GPP TSG-RAN WG2 Meeting #123	        R2-2307713
Toulouse, France, August 21-25, 2023
Agenda item:	    7.3.2
Source: 		III
Title: 	Cell DTX/DRX NES Techniques 
Document for:	Discussion
Introduction
Regarding network configuring Cell DTX/DRX and UE C-DRX at the same time, some issues were raised about the relationship between Cell DTX/DRX on duration and C-DRX on-Duration. During the email discussion [POST121] [312] [311] [1] [2] in RAN2#121bis-e, the following were agreed.
	Agreements 
1. A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
2. A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
3. The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration.  
4. As a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released.
5. From RAN2 point of view, majority companies see a benefit with L1 signalling for Cell DTX/DRX activation/deactivation, send a LS to RAN1 (email 308) with our preference and ask about feasibility and design details.   Ask about feasibility and reliability of using L1 signaling.  Clarify that the question is about activation/deactivation copy the agreement from last meeting that we are focusing on single configuration.  Extract a few key benefits of dynamic signaling from email discussion and online discussions.
6. As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period
7. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
8. As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period
FFS: whether we will allow to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to to support high priority traffic

9. (for the SRs that will be dropped) If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH.  For the FFS case there may be some exceptions
10. The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time.   UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time.   FFS how to deal with any exceptions (e.g. SR if agreed and RACH).  FFS how to deal with retransmissions



In previous RAN2#122 meeting, the agreements of behaviour of Cell DTX/DRX non-active duration are as follows. 
	Agreements:
1. UE monitors PDCCH for RAR during Cell DTX non-active time. The ra-ResponseWindow could be started as legacy.
2. UE monitors PDCCH for msg4 during Cell DTX non-active time. The ra-ContentionResolutionTimer could be started as legacy.
3. Working assumption:  When the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.  
4. Once gNB recognizes there is an emergency call or public safety related service (e.g. MPS/MCS), the NW should ensure there is no impact to the emergency call (e.g. may deactivate Cell DTX/DRX).  The behavior is captured in stage 2 spec
5. When an DG grant is received, by the gNB during cell DRX/DTX, the UE follows the grant assignment (i.e. like in legacy).  This includes DL HARQ feedback.


The behavior of UE C-DRX retransmission timer running beyond Cell DTX on duration is not clearly specified.
In this proposal, we discuss the issues of the cell DTX/DRX mechanism about alignment of Cell DTX/DRX on duration and UE C-DRX on-Duration. Furthermore, the retransmission behavior when UE C-DRX active time overlapping with Cell DTX/DRX non-active duration is discussed.
Discussion
Alignment of Cell DTX/DRX on duration and UE C-DRX onDuration
As RAN2#121bis-e agreement, alignment of cell DTX/DRX and UE C-DRX should consider parameters – at least start/slot offset, periodicity, on-duration. In email discussion [POST121] [312] [1] and [POST122] [307] [3], alignment of Cell DTX on duration and UE C-DRX are depicted below. 
Option 1: UE C-DRX drx-onDuration fully falls within Cell DTX/DRX on duration:
1-1. As long as the on-duration of C-DRX falls within Cell DTX on duration, the aligned C-DRX of different UEs can vary in offset, periodicity or on-duration as in Fig. 1.
[image: ]

Fig. 1. Different UE DRX patterns aligned with a certain Cell DTX (if Cell DTX is activated) [1].

1-2. [bookmark: _Hlk129264691][bookmark: _GoBack]In addition to the on-Duration of C-DRX falling within Cell DTX on duration, the alignment between cell  DTX/DRX and UE C-DRX will configure the starting time of UE C-DRX on-Duration to be the same as cell DTX on duration (i.e. there is a NES specific start offset). 
[image: ]
Fig. 2 C-DRX start offset alignment among multiple UEs [1]
Option 2: UE C-DRX drx-onDuration partially falls within Cell DTX/DRX on duration:
2-1. In email-discussion [POST122][307][3], some companies discuss about the alignment of UE C-DRX drx-onDuration partially falling within NES DTX/DRX on duration. The aligned C-DRX of different UEs can vary in offset, periodicity or on-duration as in Fig. 3.

[image: ]
Fig. 3 C-DRX partials fall within Cell DTX active time.

 Observations about these two options are the following:
· In Option 1-1 is more flexible from UEs perspective. Whereas Cell DTX/DRX configuration induces larger Cell DTX on duration and dense period. Because single Cell DTX/DRX configuration may not be possible to align with all UE’s C-DRX patterns, multiple activated Cell DTX/DRX configurations should be considered in future discussions.
· In Option 1-2 most/all UEs’ C-DRX are reconfigured to provide the maximum energy saving opportunity for the network in one specific Cell DTX/DRX pattern. Most UEs must reconfigure their UE C-DRX. However, if an UE cannot be reconfigured to align Cell DTX/DRX pattern, the UE could be handover to other cells, if possible.
· In Option 2-1 the “partial falls within” must ensure there is enough overlapping on duration time for new reception/transmission.

Multiple activated Cell DTX/DRX configurations
Different UEs’ C-DRX can vary in diverse offsets, periodicities or on-Durations. One specific Cell DTX/DRX pattern is hard to approach optimal network energy saving. One possible scenario for multiple activated Cell DTX/DRX configurations is depicted below for further discussion on network energy saving. 

· gNB needs to receive/ transmit for UE 1 C-DRX, activated Cell DTX/DRX configuration#1 and configuration#2
· gNB needs to receive/ transmit for UE 2 C-DRX, activated Cell DTX/DRX configuration#1 
· gNB needs to receive/ transmit for UE 3 C-DRX, activated Cell DTX/DRX configuration#2 

Assume network power consumption is proportioned to Cell DTX/DRX on duration. When only one specific Cell DTX/DRX pattern is activated/switch in same time (e.g. Cell DTX configuration#0 in fig 4), its power consumption assume to 1 per period. For multiple activated Cell DTX/DRX configurations (e.g. Cell DTX configuration#1, #2 in fig 4), the power consumption can be represented as 2/3 per period (in average). We can see there is 33% energy saving. 
The scenario only focuses on different C-DRX on-Durations for the power saving impact/improvement by multiple activated Cell DTX/DRX configurations.
 [image: ] Fig 4 Multiple activated Cell DTX/DRX configurations.


Proposal 1: Multiple activated Cell DTX/DRX configurations should be included in further discussion.

UE C-DRX active time overlap with cell DTX/DRX non-active duration
As TS38.321, legacy UE C-DRX mechanism is as shown in fig 5. Some cases was discussed when the UE C-DRX active time (drx-inactivityTimer, drx-RetransmissionTimer) overlapping with Cell DTX/DRX non-active duration.
 [image: ]  Fig 5 UE C-DRX mechanism


When UE C-DRX drx-RetransmissionTimer overlapping with Cell DTX/DRX non-active duration (as shown fig 6), the UE won’t receive retransmission from gNB during Cell DTX/DRX non-active duration. Two models were discuss for UE C-DRX drx-RetransmisssionTimer in overlap situation, as following:
· Model A: when UE C-DRX HARQ NACK feedback was received by gNB during Cell DTX/DRX on duration, gNB understand UE C-DRX retransmission time overlapping with Cell DTX/DRX non-active duration and gNB continues the retransmission in next UE C-DRX on-Duration/ Cell DTX/DRX on duration. 
· Model B: when UE C-DRX HARQ NACK feedback was received by gNB during Cell DTX/DRX on duration, gNB understand UE C-DRX retransmission time overlapping with Cell DTX/DRX non-active duration and gNB cancels the retransmission and reschedules it in next UE C-DRX on-Duration as new transmission.
[image: ]   Fig 6 UE C-DRX drx-RetransmissionTimer overlapping with cell DTX/DRX non-active duration.


Proposal 2: For UE C-DRX drx-RetransmissionTimer overlapping with Cell DTX/DRX non-active duration, further discussion is needed for the following two models:
· Model A: gNB continues the retransmission in next UE C-DRX on-Duration/ Cell DTX/DRX on duration,
· Model B: gNB cancels the retransmission and reschedules it in next UE C-DRX on-Duration as new transmission.
So far, the definition of Cell DTX/DRX active time is not clear. Therefore, the relationship between Cell DTX/DRX on duration and Cell DTX active time needs to be specified. Other definitions can be discussed in later release, e.g.
· Cell DTX/DRX Active Time.
· Cell DTX/DRX-InactivityTimer.
· Cell DTX/DRX-RetransmissionTimerDL.
· Cell DTX/DRX-RetransmissionTimerUL.
Proposal 3: In order to reduce the scope of Rel-18, we consider only Cell DTX/DRX on duration as Cell DTX/DRX active time.
Conclusion
Proposal 1: Multiple activated Cell DTX/DRX configurations should be included in further discussion.
Proposal 2: For UE C-DRX drx-RetransmissionTimer overlapping with Cell DTX/DRX non-active duration, further discussion is needed for the following two models:
· Model A: gNB continues the retransmission in next UE C-DRX on-Duration/ Cell DTX/DRX on duration,
· Model B: gNB cancels the retransmission and reschedules it in next UE C-DRX on-Duration as new transmission.
Proposal 3: In order to reduce the scope of Rel-18, we consider only Cell DTX/DRX on duration as Cell DTX/DRX active time.
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